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SPECIFICATION 



El ctrical stimulation of muscl 



5 The present invention relates to the 




In the past, a number of methods anr/ap'paratuses have been developed for so-called Faradic 
stimulation of muscle tissue with a view to obtaining beneficial effects, such as the improvement 
of muscle tone. Faradic stimulation has generally proceeded on the basis of applying to muscle, 
usually by a number of electrodes overlying the muscle or muscles in question, an electrical 
signal to produce a mechanical response in the fibres of the muscle intended to be similar, on 
qualitative and approximate assessment to that caused by the fibres' stimulation by associat d 
motor neurons. To attempt to achieve this, the electrical signal has usually been a pulse train, 
having uniform characteristics in terms of pulse length and pulse separation, intended to 
stimulate the fibres in a manner similar to their stimulation by their associated motor neurons. 
Such a pulse train, properly applied, produces contraction of the muscle fibres resulting in 
mechanical action. 8y applying the pulse train in bursts, a series of contract /relax actions are 
produced as an attempt to minimise the discomfort arising from the indiscriminate form of 
stimulation. However, partly due to the unnatural pattern of the applied stimuli, the resultant 
20 effects have generally been neither as beneficial nor as long lasting as might be hoped. 

A first a$pwvi of this invention is concerned with examining more closely than has hitherto 
been possi ble without physical dissectio n of the muscle or invasion of its s 0 ^ 5 ^^^ ^"^^^ 
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Conventional Faradism has proceeded on the basis that the integrated mechanical response of 
a muscle is a function of the mean frequency of MUAPs applied to its constituent motor units. 
Thus justified the conventional Faradic technique of attempting to control muscular contraction 
and relaxation by applying bursts of pulses, the pulses in the bursts being of a frequency 
intended to produce the desired degree of subjectively assessed contraction. The assumption has 
50 been, however, that the required contraction of muscle fibres s the only information coded onto 
MUAPs. 

According to a second aspec: of the invention there is provided apparatus for applying 
stimulating pulses to muscle fibre comprising pulse generating means and at least one pair of 
electrodes for applying a sequence of pulses generated thereby to the muscle fibre, or to 
55 overlying tissue, the pulse generator being so adapted that the pulse sequence conveys 
electrotrophic information for causing desired structural ana/or functional adaptation of the 
muscle fibre. 

This aspect of the invention also provides a method of applying stimulating pulses to muscle 
fibre comprising generating and applying fibres or to overlying tissue a Stimulus pulse sequence 
60 being so selected that the pulse sequence conveys electrotrophic information for causing a 
desired structural and/or functional adaptation of muscle fibre and of which a muscle is 
comprised and applying said sequence of pulses to me muscle, or to overlying tissue. 

Investigation of muscle by techniques according to the firs; aspect of the invention has led to 
an appreciation of the fact that there is information encoded irto the MUAP discharge sequence 
65 which is npnnrrnt^^HH2J p "!..!'^- 3 "»niiiT H r"^™'^' r.^-n^r>^_o£-u^> X1 : ~ 
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,he -c-ration of a normal muscle, the frequency analysis of the MUAPs giv s two elements of 
inf™" -,rn The first creviousty assumed to be the only information, .s requ.red to generate the 
ore r -Si » .f?S a movement, and the second is a different signa. apparency redundant 
mechanically but in fact of great importance in generating an :ntrac llular (fflwehftbi J .. 
5 ^^n« «ndu«« to biosynthesis. The two elements of intension "tun share m , he 5 
Serve discharge but can be extracted by a form of tim series analysis such as favoured I pattern 
analysis ' used in applieati ns of communication theory The second el m m of inform tion is 
Sved to initiate and control functional adaptation of th 

can be identified from the difference in discharge patterns in muscles adapted to one form of 

10 muscle activity and the same muscles adapting to another wher . for example, an ■""bohc 10 
-body-building- procedure is taking place. At present, the information conveyed by this code * 
by no means fully understood. Nevertheless it can be cop.ed and transcribed and so used to 
define a pulse sequence for use in muscle stimulation with a view to allevat.ng muscular 
disfunction and /or otherwise "re-educating" muscles to produce medium and long term 

1 5 beneficial effects by effecting a long lasting metabolic change m the muscle being treated wh.ch 1 5 
manifests itself by its contractile properties. . 

To facilitate the generation of a muscle stimulating signal conveying useful trophic informa- 
tion a third aspect of the invention provides apparatus for applying stimulating pulses to muscle 
fibre comprising pulse generating means and at least one pair of electrodes for applying a 

20 sequence of pulses generated thereby to the muscle fibre, or to overlying tissue the pulse 
generator being so adapted that the intervals between respective stimulating pulses in a 
sequence of pulses can be individually defined. 

The second aspect of the invention further provide a method of generating a sequence of 
muscle stimulating pulses in accordance with pulse interval data held a memory comprising the 

25 steps of 

(A) reading out an item of pulse interval data from said memory; 

(B) initializing the contents of a memory location with data representing a count; 
iC) periodically incrementing or decrementing said contents; 

(0) periodically testing said contents and repeating (E) until said contents have a value - 
30 determined in relation to the pulse interval data such that the number of repeats of (C) is 

determined by the pulse interval data; and 

(E) qenerating a stimulating pulse when said value occurs; ' 

steps (A) to (E) inclusive being executed for each of a series of items of pulse interval data. 

Suitably in step (8) the contents of the memory location are initialized w.th the value of th 
35 item of pulse interval data and wherein the loop from step (D) to step (E) is excited when said 
contents have a predetermined value. A plurality of channels of stimulating pulses may be 
produced, in which case steps (A) to (E) inclusive may be carried out for each channel, 
corresponding steps for each channel being carried out in succession. Prior to generation of 
each pulse, a check may be carried out to establish if the pulse should be produced, and the 
40 pulse inhibited if it should net e.g. because no pulse is required at that time, or a hardware or 
software fault is detected. 

In the second aspect of the invention, electrotrophic stimulation may be combined, preferably 
in a no.-voverlapping manner time-wise, with functional stimulation to provide a treatment 
procedure for regenerating muscle and /or improving its performance. Thus this aspect of the 
45 invention also provides apoaratus for applying stimulating pulses to muscle fibre compr.sing 
pulse generating means and at least one pair of electrodes for applying a sequence of pulses 
generated thereby to the muscle fibre, or to overlying tissue, the pulse generator be.ng so 
adapted as selectively to produce, as said puise sequence, a pulse sequence conveying 
electrotrophic information for causing desired structural and/or functional adaptation of the 
50 muscle fibre or a pulse sequence conveying functional stimulation information. 

The invention will be further described by way of example with reference to the accompanying 
drawings in which:- 

Figures la and 1b illustrate the mechanical response and the recovery of nerve and 
consequent muscle fibre action potential of a muscle; 
55 Figure 2 shows the mechanical response of a muscle to stimulation of mcreasmg frequency; 

Figures 3a-3c and 4a to 4c are oscillograms used in explaining the electromyographic 
techniques of the present invention; 

Figure 5 is a block diagram of one embodiment of electromyographic apparatus according to 
the present invention: fin 
' 60 Figure 6 illustrates the cycle of agents effective in muscle fibre metabolism; pw 

Figure 7 is a timing diagram showing'example interspike (i.s.c.) intervals of muap discharge; 

Figure 8 is a histogram showing frequency of occurrence of various i.s.i. values is a 
measurement min; . , , 

Figure 9 is a corresponding histogram derived" from the same data after random order- 

^5 shuffling; : • 
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^FigurTls shows a form of combined e.ectrophic and functional stimulator according ,o .h 1 0 

present invention. r~m/»rv of nerve muscle fibre action potential 

Fig. 1A shows the differing t.me . courses mecahnica. responses by 

and muscle fibre mechanical response £ u ' B) . Tnis is the basis of Faradism. 

stimulating electrically at • eScts of a ecuical stimulation at high frequency 1 5 

stimulus o( adoqoat. Wing* would MOW a "Wtor ° -T,, snow „ in Fig.lA. Tn. 

20 L.M « <•»» w» *^^^.,*r^Sr n , rf e 'SSI ST ' "nal % action in th. 

25 recovery «> '»• eleroial , e " e ""^ 8 """.» ScZSS* F% B Thow, 50 5 .imul°per s«ond 

L nerve (ENG) and musel. (EMS) are .til 1 ,„ 80 . m „, s „<,„ of force (the 

As stimulation at increases frequencies (Fig 2) y.eld« ' a " * u | m * stimulation 
30 amplitude 0. lb. mecnanical trace) jwm convent one «y £ und t0 „„ Th , 

^.So^r^ 

" ^rrrnalvtical approac „ to muscular I'^aT," * 

:„ h ^Snd^ - ™ M " """" 

I^STU ™<™«V. » f*S~7a a muscl. n.rv. to ,„e 

for the next phase of activity: 

V^^SZ^^n to the muscle fibres and the, e.ectnca. response: 

45 ThVsS t^^:z^X^ — *• 

^ITrn^trmu^rm^ec^s formed as intermedial in the chemical reactions of energy 

release to fuel the mechanical response accljmu , a , iori 0 f these intermediates within th 50 

50 There is strong exper.mental ev.dence than n """^'J. 1 0 , <ib , enzymes (xh9 catalysts of 

rrss r:^, 5=s sr- 

55 them ' ■ * ,„ nninllP , o« alecuomyoqraphy identification of individual motor 

With classical noninvasive techniques of f'jSfve descr.pt.on required an integrated 
unit action potentials was not pcss.ble. and » ^™ lat ™ ? Q 10Q milliseC onds) 

electrical signal. The upper trace .n F.g * A *™"™£Z »«<i x** lower trace, integrated 
the m.ddle trace an electromyogram, of human fac.ai musties o o0 

60 electrical signal of the discharge. „„ nhi( . tt > chn ,aues individual potentials are appar nt. 

65 program. 



40 



45 



DM I MEDICAL LTD V ? ~+ - - ■- - 



4 



GB 2 156 632A 



The "window- can b set to a very small voltage, in Fig. 4A it is 1 2 microvolts, h may be 
moved through me electrcmyogram, so dissecting electrically the discharge partem 

pigs 4B and 4C are v ry high resolution records taken from the facial muscles showing hew 
accurately the mot r unit action potential peaks can b isolated and detected. 
5 Fig * 5'snows in block form one version of electromyographic apparatus in accordance with the 
first aspect of the present invention, which makes use of this technique. The apparatus 1 
comprises a sensitive, low noise differential amplifier and filter 3 which is used to amplify th 
electromyographic signl appearing across two electrodes 5 which may be of the type conven- 
tionaily used in electromyography. The output of the amplifier 3 is recorded onto one channel of 
10 a magnetic tape data recorder 4, a 5kHz liming marker signal from a reference oscillator 10 

being reroded on the other channel. When the tape is replayed, the output of the first channel is 
applied to the input of a window comparator 6 which compares the instantaneous amplitude of 
the signal with upper and lower threshold values separated by a sufficiently small voltage (say, 
12 microvolts) so that the peaks of only MUAPs associated with one particular motor unit will 
1 5 fall within the comparison window. 

The window comparator has two logical outputs, 7 and 8 which change state respectively 
when the lower and upper window levels are exceeded. These outputs are applied via a suitable 
interface (not shown) to a suitably programmed microcomputer 9 which also receives the 
reproduced timing signal so that the timing of the transitions of the outputs 7 and 8 of the 
20 window comparator 6 may be established. The window comparator is provided with a user- 

operable control such as potentiometer 7 allowing the threshold levels at which transitions of the 
outputs 7 and 8 take place to be shifted, while maintaining the desired difference between th se 
levels. A further control, not shown, may also be provided to adjust the height of the detection 

window. . . . . 

25 In operation, while the window comparator 6 is processing reproduced electromyographic 
signals from the amplifier 3. the microprocessor monitors the outputs 7 and 8. Each time a 
positive-going transition of the lower threshold output 7 occurs, the microprocessor 9 stores the 
current time indicated by the real time clock 10. If and only if the transition of the output 7 is 
nor followed within a defined time period by a positive going transition of the upper threshold 

30 output 8 (this condition indicating that the peak of a motor unit action potential fell within the 
detection window* the read out dock value is stored as relating to a MUAP. Otherwise it is 
discarded The microcomouter 9 can thus record the relative timing of a series of MUAPs 
associated with an individual motor unit and to calculate both the mean frequency of d.scharg 
and the instantaneous frequency, that is the frequency corresponding to the interval between 

35 successive discharges. It will be appreciated that in real-time applications, the data recorder 4 is 
superfluous and :he outputs of the amplifier 3 and clock 10 are applied directly to the 
microcomputer 9. , . 

Standard hardware may be used to implement the apparatus shown m Fig. b- For example 
the amplifier/filter 3 may be constituted by Neurolog. NL103 and NL1 15 units sold by 

40 Digitimer Ltd. the data recorder 4 may be of the type DA1442/Q/4/1 sold by Data Aquismon 
L'd the window comparator 6 may be the Digitimer Ltd D130 spike discriminator and detector 
logic unit and the clock 10 may be constituted by a DM 3 A/0 converter made by Interactive 
Structures Inc which can provide an Apple-compatible clock signal. 

45 EXAMPLE , ... . 

Motor unit action potentials were detected using biopolar skin surface electrodes (Bioscience) 
attached 5 mm apart on the face. The MUAPs were recorded on magntic tape, v/ith a remaining 
tape channel carrying a 5 kHz timing signal. TTL- level compatible pulses generated by single 
MUAP detections were timed to the nearest millisecond against the 5 kHz clock by an Apple n 

50 microcomputer. , 
Reproducibility of facial movements was obtained by basing them on the test procedures of 
Kendal and McCreery (Kendal F.P. and McCreary E.K.. T933. "Muscles testing and function , 
London Williams b WHkins). The subjects followed either a repeated video-loop playback of one 
of their own movements, or a form of visual feedback involving an integrated EMG signal 

55 derived from their own MUAP activity. The magnitude of the contractions used was that 
required to produce an integrated EMG signal between 30% and 35% of the maximum 
obtainable by the subject. 1 5 normal subjects with an age range between 20 and oO were 
employed in the study, the muscles investigated being Epicranius (Frontalis), Orbicularis ocuh. 
■ zygomaticus, levator labii and orbicularis oris. . 

60 A tonic resting discharge was seen only ocassionally in the muscles studied^ Peak MUAP 
frecuencies were recorded in the initial 200 miiliseccnds of the contractions, between 41 and 
30 impulses per second for Orbicularis Oris and from 30 to 25 impulses pe r second ior the 
ether muscles The mean discharge frequency within singl subject (SS) recordings and amongst 
subjects (AS) were remarkably constant. Calculations from non-fatiguing contractions maintained 

65 for between 5 anc 10 seconds were:- 
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(SS n = 1 0) Epicranius 8.2 + / - 1 -4 Orb oc. 7.4 + / - 1 .2. Lev. lab. 7. 1 + / - t .4 Zygom. 
6.7 + /- 1.1 OrD.or. 12.8 + /0.9 

( ASn=1 5) Epiranius 8.4 + / - 3.8 Orb oc. 6.9 + / - 1 . 1 . Lev. lab. 8.2 + / - 1 .9 Zygom. 
7 8 + /- 1.8 Orb or. 11.7 + /- 1/1 

Table 1 shows a typical result: - 
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During a controlled contraction of the facial muscl s every discharge spike of a motor unit is 
detected in s qu nc (Column 1). It is timed to the near st miilisec nd (C lumn 2). Its relative 
position in the duration of the activity is computed (Columns 3 and 4) as is the instantaneous 
frequency of its discharge (Column 5). It is from thes computations that the trophic code can 
5 be extracted. The following description is based on work carried out using the above techniques. 5 
Skeletal muscle has the ability to adapt its molecular form to better meet functional 
requirements, that is to say muscle is plastic. It exists in a highly dynamic equilibrium where 
there is constant breakdown (catabolism) of the molecules which characterise muscular action 
(eg the enzymes associated with the contractile protein myosin, and those which play a rol in 
10 the energy metabolism). The equilibrium is maintained by biosynthesis of replacement enzyme 10 
molecules (anaboiism). 

In the face of unchanging motor behaviour the equilibrium is simple, the enzymes being 
replaced unchanged. Motor adaptation however is accompanied by enzyme substitution, where 
the newly synthesised enzymes show an altered activity more suited to the changing motor 
1 5 demands. 1 5 

The contact normal nerve makes with normal muscle exerts a "trophic control" on the muscle 
at rest. The control is unrelated to the impulse traffic transmitted by the nerve to the muscle. 
Although the definition is now somewhat qualified the action is still within that sphere. Thus 
neurotrophic action maintains, for example, the integrity and effectiveness of the neuromuscular 
20 junction. 20 
To the neurotrophic control is added the effect of impulse traffic over the muscle nerve, and 
the immediate and eventual effects it has on the metabolism of the muscle fibres. Examples of 
the degree of influence of the two effects can be seen in a comparison of the considerable 
wasting or atrophy of a muscle in disuse with the second influence alone missing, with the 
25 much more severe denervation atrophy where both are absent. The stability of muscle function, 25 
a component of homeostasis, is vigorously defended by body mechanism. Only when evidence 
of functional incompetence is found does adaptation occur. 

Nerve transmits to muscle two simultaneous trains of information: 
i) The first is the command to act mechanically; and 
30 ii) The second is the command to adapt structurally 30 
For the structural adaptation to take place some incompetence signal must be released as a 
consequence cf muscular action. Put in other terms, for adaptation to occur the motor 
commands to a muscle must subtly mismatch its mechanical capability. 

Analysis m the laboratory of the pattern of impulse discharge by the muscle fibres of a motor 
35 unit can relate the force it develops and the movement it operates. Any signal detected in the 3.5 
pattern of impulses which is apparently redundant to the immediate motor purpose can be 
considered to generate an incompetence signal, and can be called the trophic code. 

The normal interaction between nerve command and muscular competence naturally regulates 
plastic change in the muscle fibres. It is hypothesized that where motor abnormality is present 
40 due possibly to nervous disease, injury or lesion, the muscle follows its natural tendency for 40 
plastic change and becomes better suited to follow the enforced abnormal motor role. 

Injection into the muscle by eiectric stimulation of a difference signal would make good the 
information deficit by the provision of an artifical trophic code. This procedure we call have 
called electrotrophic stimulation. 
45 The use of logical detection circuits allow discrimination and timing of the MUAPs generated 45 
during movement by normal subjects. From these pattern two contributory patterns can be 
extracted by computation One is the dominant represented by the mean discharge frequency, 
the other is a signal which contributes to that mean but differs significantly from it. This 
contains the most potent component of the trophic code. It carries the signal CHANGE which 
50 comes in the command series: 50 

ACT MECHANICALLY 

/■ 

MOTOR COMMAND 

55 \ 55 

CHANGE — AOAPT STRUCTURALLY 



An increasing amount of experimental evidence supports the existenc of the trophic code. 
The time intervals between individual MUAPs and their relation to the time of the muscle 
60 mechanical response allow the accumulation within the muscle fibre of specifically potent agents 60 
capable of initiating and maintaining merabolic change. Calcium in its ionised form is one 
example, and the several ionic species in h>ch adenosine monophosphate exists are others. 

Muscular action elicited by low frequency, long duration activir known to increase the 
fatigue resistance of muscle, and to induce it to capiilanse with bk„. J vessels Short periods of 
65 high frequency bursts of electrical stimulation are less predictable m their action. In the first 65 
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5 transcribed. th » nattern of discharge of the human facial muscles. (Fig. 3 & 

Taking as a spe c.fic ex amp ^J^in a unit of mechanical response (the motor 

the PM«»W* " will be able to prescribe an individual 

J^r^ctZ VhK wKe^ispensed by in the form of an ,.C or other storage dev.ce i g 

transitory effects and e ' nvo,ve ^ an incorpora- 

^ the rn^c.e fibre), into the metabo.ic and mechan.ca. ^ 

20 pathways of muscular ™P°™. . „, ^ chrom03 omes of the muscle fibres, 

which -time share- a common pathway. They are: 

ressonse to the force generating mechanical respond has » , .yc.« n a. 

^sec^^ ^ - °< 

40 1 Unknown intermediates operate to govern the total protein turnover cycle in muscle which is 40 
" 7^!e\i™ ol '£ agents effective in muscle fibre metablism give an effective concentra- 
te against time relationship illustrated ^^S^'SnSils where each successive 
A series of muscle stimuli or natural mus * ^? a build up in effective 45 

45 train shown ha. tw.ee ma «WW?'*^^"&™' 6att £ line increment in effective 
concentration o *e (Th* • s ,rd,e a ed by t • ^ ^ ^ ^ g gen 

F'<3- 7. ^ . ^ MO Cfa „b tr identify the trophic information 55 

5 5 Using the Monte Carlo comparison technique one can seek tc identi.y ^ 

coded onto the pattern. , a „„„minn *ht? i s i discharged by a motor 

Table 2 shows one such run. 
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If a sample width of 1 1 milliseconds is chosen a frequency distribution such as is shown in Fig. 
3 may be computed. The frequency of occurrence of i.s.i.s of the values contained in the sample 

width 3re drawn. — 

Non-time seri s statistical procedural artefacts can be separated from information carrying 
5 MUAP discharge trains by randomising or "shuffling" the order of elements in the i.s.i. data 5 
file. 

A frequency distribution plot of the shuffled data elements is shown in Fig. 9 and shows 
statistical comparability but the time sequence information has been lost. 
The unshuffled i.s.i. data file may be quantized by allocating the value 1 if the isi is between 
1 0 5 ms. and 1 0 ms and the value 2 if it is between 5 and 10 ms.,.. and so on. 10 
Similarly, the hypothesized "Potent Pattern" may be quantized and a computer search for the 
number of times it occurs during the time course of the data file a similar search is made of the 
"shuffled", randomized file for comparison. 
The digitization process may be carried out using an algorithm such as the following: start 
1 5 interspike interval isi(O) followed by i(2) .... i(n). ^ 1 S 

Let x = 5 Let t = 2 
Is x = 1 — Yes Then STOP 
— No 

Is i(0)>0 and = <t Yes Then i(0) has the value 1 
20 No 20 
Is i(0)>t and « <2t Yes Then i(0) has the value 2 
No 

Is i(C)>2: and = <3t Yes Then i(0) has the value 3 
No 

25 Is i(n)>(n-1)t and = <nt Yes Then i(n) has the value n 25 
No 

Is i(0)>0 and ~ >t Yes Then i(0) has the value and so on until the series has been digitized 
with increasing resolution. 

Suppose a suspectea potent pattern comprises the sequence of i.s.i. s. 2, 1, 3. 1 . Then a 
30 search through the digitized unshuffled data file can be carried out to establish its frequency of 30 
occurrence; a similar search through the digitized shuffled file, will help identify whether the 
pattern is a significant time-series pattern. 

The occurrence of a "potent pattern" could be sought by computation amongst the patterns 
generated: 

35 i) during constant movement in normal muscle. 35 
ii) during movements requiring muscular adaptation for their performance. 
Hi) during movements performed by muscles rehabilitating to movement after injury or 
disease. 

The effectiveness of the technique in estaolishing the "trophic code" may be increased by 
40 making the stages of MUAP detection, measurement and quantization at times when induced 40 
adaptation of normal muscle is occurring. 

In an accustomed movement to which a muscle is adapted there is a definable relationship 
between the force it develops and the way in which that force is developed. 

Motor units can be recruited to action, each contributing its available force., and the available 
45 fcrce can be amplified by increasing the rate at which the motor unit is excued and generates its 45 
force. Fig. 10 illustrates this relationship for a hand muscle. As this represents the "signature" 
of the muscle in normal action anc deviation from it during abnormality or rehabilitation reveals 
a factor involving the frequency of discharge of discharge with respect to recruitment and force 
development that refines the procedures of reasoning, analysis and computation described 
50 above. 50 

Analyses based on the calculations just described have yielded, as an example, one trophic 
cede in which the i.s.i.s. show an initial value of 22 ms, indicating a discharge freouency of 
approximately 50 Hz. This i.s.i. increases in an exponential fashion and the discharge rate slows 
to 5 Hz. 

55 Where the number of MUAPs is larye, or where the larger limb muscles are being studied, 55 
the above described window detection can be supplemented by ;he use of a single detector 
beam which is stepped, by regular decrements in detection voltage, down through the signal. 
Computer files can then be established of the time intervals between the compound .MUAP 
potentials detected each level, and software can men establish the code for the individual motcr 

60 units by a subtraction routine operating on each of the fiies in turn; this can take into account 60 
the possibility of interference signals from the larger number of potentials. 

Fig. 1 1A shows one form of muscle stimulating apparatus according to the present invention. 
A memory device 100. which may be in the form a PROM (programmable read only memory) 
integrated circuit has stored therein data de*inig a pulse sequence or. which is coded trophic 
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coded as the r sp ctive rime intervals betwe n successive puis s which ar to be gen rated. 
This data is s quentially read out, 8nd. in a manner to be described in mor detail b low, used 
to generate a train of fixed length pulses. The relative timing of the pulses, i. . the intervals 
between successive pulses conveys the desired trophic information. This puis train is applied to 
5 one or more output channels comprising a pulse conditioning circuit 1 03 which may, inter alia, 5 
buffer the signal produced and /or modulate the pulse waveform into a succ ssion of bursts with 
spaces therebetwe n; the bursts may have a shaped enveloped. The output of pulse condition- 
ing circuit 103 is applied to an output stimulation circuit 105 which may incorporate a step up 
transformer and /or level control circuitry to transform the signal to the appropriate level for 
10 muscle stimulation and/or to define a desired source impedence for the stimulating signal. This 10 
stimulating signal is applied to two or more output electrodes 1 07 which are placed in contact 
with the skin overlying the muscle or muscle group of interest. Where there are more than two 
output electrodes, individual electrodes may have individual level controls such as the poten- 
tiometer 108 shown in Fig. 13. 
1 5 The memory 100 may be paged, having a number of trophic codes which may be of different 1 5 
lengths, and in these circumstances a code selector 1 17 (e.g. a multi-position switch may be 
used to select the code to be generated). 

At the start of operation, a power-on reset circuit 1 09 generates a pulse which is applied to 
the "clear" input of address counter 101. The address counter 101 generates an address signal 
20 which is applied to the memory 100 causing the contents of its first storage location on the 20 
selected page, representing a first pulse interval, to read out as data. This read-out data is 
applied to the "load" input of a down-counter 1 1 1 whose stored count then proceeds to be 
decremented by the application of clock pulses from an oscillator 1 1 3 having a frequency of, 
say, lKHz. This gives a minimum interval of 1mS. In this unit the interval between trophic code 
25 pulses is an integral number of milliseconds. Should higher resolution be necessary a higher 25 
frequency could be used; 

When the count stored by the down-counter 1 1 1 reaches zero, a pulse is produced at its 
"zero" output, lasting the duration of one clock pulse from the oscillator 1 1 3. This pulse is 
applied both to the pulse conditioning circuit 103 for conditioning and application to the 
30 eiectrodes 107 and to the "increment" input of the address counter 101 causing the timing 30 
data in the next storage location in the memory 1 00 to be read out. 

The "zero" pulse from the down-counter 1 1 1 also causes this read-out data to be loaded into 
the down counter 111, whose contents thereupon proceed to be decremented by the pulses 
from oscillator 1 1 3 resulting, after a time period defined by the value of the read-out data word 
35 in the application of a further pulse to the pulse conditioning circuit 103. This process repeats 35 
for each of the items of data stored in the memory 100. 

As the number of data words required to produce the desired pulse sequence may be less 
than the available contents of the memory, the desired sequence may be terminated by a pre- 
defined word value e.g. 000 .... A reset circuit 1 1 5 may be provided to detect the occurrence 
40 of this terminating word and apply a pulse to the "dear" input of the address counter 101 so 40 
that generation of the required pulse recommences at that point. 

A variable delay block 1 1 6 may be provided to allow for an adjustable delay between 
successive generating cycles of the stored code. This can enable the pulses to be produced in 
spaced apart bursts 

45 It will thus be appreciated that the stimulator 100 operates to generate a sequence of fixed 45 
length pulses, for application to the muscle/ muscle group or overlying tissue, with intervals 
between successive pulses determined by the value of successive data words stored in memory 
100. By approprtate selection of these intervals, the desired trophic information can be coded 
onto the pulse sequence applied via the electrodes 107 to produce a particular long term 

50 adaptation of the muscle/muscle group in question. 50 
The memory device 100 may be of any suitable form; conveniently it is a PROM 
(programmable read only memory) 1C although any other suitable device such as a magnetic or 
optical disc, tape. RAM IC. bubble memory, shift register and so forth may be used — even a 
series of switches which can be set to one of a number of positions to define respective pulse 

55 intervals. In any event, conveniently, the device may be such that the data read out can readily 55 
be changed so that trophic data for a variety of treatments can be used on a single stimulator 
100 as selection of a different code stored in the memory 100. using the selector 1 1 7 or by 
user replacement of one PROM conveying particular trophic data by another. It is also possible, 
using a suitable read/write memory for the required data to be down loaded from a remote 

60 source e g. via modem, local area network or any other suitable communications link, thereby 60 
enabling "treatment at a distance". 

The pulse conditioning circuit and the output stimulation circuit may b so designed to 
maximize the subcutaneous response but minimize the response of peripheral pain receptors. 
Thus prolonged application of stimuli should present no difficulty. 

65 The design of the output stimulation circuit is such that it basically acts as a very low 65 
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imp dence current source yet will limit the surface voltage should the load impedance increase 
excessively. This aspect of th design therefore prevents "biting" or "stinging" from electrodes 
being removed or repositioned during treatment. The pulse width and envelope shape are 
determined by th pulse-conditioning circuit and ar selected so that current pulse rise-time. 
5 current pulse amplitude and current pulse-width provide maximum subcutaneous stimulation but 5 
avoid affecting the peripheral pain receptors. The exact values of these parameters depend on 
the size and characteristics of the muscles being addressed. For xampie on small twitch muscle 
such as facial, the pulse-width parameter is usually set at approximately 30uS whereas for a 
larger muscle group (Quads) a pulse-width of 200uS may be used. 
10 Fig. 1 1B is a circuit diagram showing one particular form the embodiment of Fig. 1 1A may 10 
take. The following components may be used in the circuit ot Fig. 1 1 B:- 



IC1 


404B 


CMOS down counter 




IC2 


27C32 


PROM 




15 IC3 


40103 


CMOS down counter 


15 


IC4 


556 


Dual timer I.C. 




IC5 


4532 


CMOS priority select/encoder 




IC6 


4096 


CMOS quad schmidt trigger 




TR1, TR2 




BOX 538 




20 R„ R2 




100K 


20 


R3. RIO 




10K 




R,. R6 




2K2 




R5. R7 




470R 




R8. R9 




51K 




25 R11 




500K 


25 


R12 




470K 




R13 




820R 




VR1, 2. 4 




2K2 preset 




VR3 




470K preset 




30 CI 




1 000 ur 


30 


C2. C7 




1000 pF 




C3. C5, C6 




0.01 uF 




C4 




0.022 uF 




C8 




10 uF 




35 






35 



In Fig. 1 18. the reference numerals 1C0-1 1 7 indicate the correspondencies between the 
circuitry shown in Fig. 1 18 and the circuit blocks in Fig. 1 1A and further description of Fig. 
1 1 3 is not therefore considered necessary. 

It will be appreciateo that the circuitry shown in Fig. 1 1 is one of many circuits which may be 
40 used to translate the stored data into the desired pulse train. For example, the pulse generation 40 
could be achieved in software by a suitably programmed microprocessor reading the data 
defining the desired puise sequence from 3 memory device such as a PROM or any of the 
ethers mentioned above, the microprocessor delivering from a suitable output a train of pulses 
for conditioning as by the circuits 103, 105 and application to the electrodes. It is also 
45 envisaged that patients could be issued with a machine-readable treatment card on which isv 4 5 
recorded, or at least identified, the trophic data to be used for treatment; this card could also 
have in machine readable form details of the patients, the condition which is to be treated and 
so forth. 

The pulse conditioning circuit and the output stimulation circuit may be so designed to 
50 maximize the subcutaneous response but minimize the response of peripheral pain receptors. 50 
Thus prolonged application of stimuli should present no difficulty. 

A further possibility is that the cede generate unit may store within the code memory values 
to alter the stimulation pulse-width, stimulation pulse-amplitude, stimulation pulse rise and fall 
times. Thus a more elaborate development may totally describe numerically a stimulation pulse 
55 itself and the time interval to the next pulse. 55 
It should be possible by feedback to adaptively and dynamically in re3l-time modify a trophic 
code being applied to a patient. 

This would necessitates a sensor element (possibly electromyographic) feeding information to 
a processing unit (microcomputer) programmed with appropriate digital filtering and signal 
60 processing algorithms, based on physiological parameters inputs which could adaptively alter 60 
the trophic code sequenc to converge or. a prsd^ide^ physiological goal. 

A second embodiment of the invention, shown in Fig. 12 uses Apple M microcomputer 200 
incorporating an output device in the form of a 6522 VIA (versatile interface adaptor) 201 
installed in an option slot to output stimulating puises as exemplified in Figs. 1 4A and 148. 
65 Both sides of the VIA are used for output, witn positive going signals on the A-side output 65 
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and n gative going signals on th 8 sice output. Th A-side positive go.ng pulses have been 
provided in case external amplification land resulting signal inversion) are n cessar Y* 

The TIMER I of the VIA is used to synchronise the system and is set to a count of 2048 
pulses, this with the Apple s dock speed of 1 .024 MHz. gives a synchronisation every 2 msec. 
5 In this interval software to be described below can service each of the eight channels. 5 
d crement a count, output a pulse (if required) and fetch the next count from m mory. The time 
taken to do this is of the order of 1 msec if no pulses are required on that particular cycle. The 
worst case occurs when all channels require a pulse. The time to service this condition increases 
to 3 msec. In this case the software will resynch as long as the delay to then next pulse is more 

10 th ™ *J£?^ ar9 is nQt j nterru pt driven and interrupts are disabled. The synch mechanism just 
waits in a software loop until the timer has counted down to zero. 

The software has been developed for the Apple II computer in 6502 assembler, and these 
routines interface to the UCSD Pascal system of the Apple. This has facilitated the developm nt 
1 5 of software for data entry and encoding of the files containing the profiles of the pulse 1 £ 

sequences. One version of the software is shown in Fig. 1 3. 

The output from the Apple will drive eight channels to an accuracy of 2 msec with a sequ nee 
of up to 63 pulses per channel. 

There are three patient protection features within the routines which will either cause 
20 premature termination of the program or inhibit the output. These features will come into play if 2C 
the pulse sequences are incorrectly coded or in the event of a hardware fault resulting in 
spurious data being read. Each data word for the pulse routine has four attributes. These are a 
count, an encoded channel number, if a pulse is required (on the count ultimately reaching zero) 
and finally if the channel is on. The conditions required to output a pulse on a given channel 

25 are:- 25 

1 . The count has reached zero 

2. The current channel number matches the encoded channel 

3. A pulse is required 

4. The channel is on. 

30 There are two routines written in assembler. The first. SETVIA sets up the VIA device for 
outputs on both the A- and 8- sides. The A- side is initialised to zero volts (for + ve pulses) 
and the B- side is initialised high (between 4 and 5 volt TTL) for negative going pulses. This 
routine also sets the TIMER 1 of the VIA in a free running mode to generate the synchronisation 
signal of 2 msec. Interrupts are disabled. 

35 The second routine PULSES services data from a file containing the encoded pulse trains. The 3v 
encoded data is treated as if it were ROM and no attempt is made to modify it from within the 

PULSES routine. . 

The PULSES routine uses PAGE ZERO locations of The Apple to maintain the counts required 
to output on each channel. On entry the current contents of PAGE ZERO are saved (to be 
40 restored on exit from the routine). The routine maintains a table of pointers into the ROM and 4C 
also a table of values of the current counts for each channel. 

The PULSES routine then services each channel in turn r decrementing the current count. If 
the count becomes zero then a pulse is output on the current channel only if the following 
conditions are met:- 

45 The channel encoded in ROM data matches the current channel; *~ 
The current channel is on; and 

A pulse is required. „.„ oe e 

if the first of these condition fails an error code is generated and the PULSES routine make an 

abnormal exit. . . , , cr 

50 If the channel is on and the channel has been verified then the next count is brought down oo 

from ROM. 

The routine can be regarded as foilows:- 
error: = <*>; 

while (any channels on) and (error < >£) do 

55 begin 

for chan: = 7 down to ? do 
begin 

if channel is on [chan] then 

begin 6C 

60 decrement count [chan]; 

if count = p then 
begin 

if chan <> codedchan then 15 
error: = 1 + 256*chan; 
65 else 
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begin 

if pulse r quired then pulse [chan]; 

get next count from — rom; 

end; — — 

5 end 5 
and 
end; 

The 15 bit words in the ROM file are encoded with the following information:- 

10 bits £..9 the count 10 

bits 16.12 the channel number 

bit 1 3 for future expansion 

bit 14 set to 1 if pulse required 

bit 1 5 set to $ if channel is on. 
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NOTE 1) The initial 1 in channel Os sequence to set a reference for subsequent delays. 
35 2) The resolution required in channel 4 is too stringent and the sequence ultimately output by 
the machine code routine will have a resolution of 2 msec. The actual output for this channel 
would be 



100 50 20 20 6 8 8 10 10 12 12 14 14 16. 



15 



20 



With this configuration if the data word is in error as 00 or FF then no output will result. This 
is because 00 will have bit 14 = 0 and no pulse will be required. FF will have bit 15 = 1 and 
the channel will be off. (This of course assumes that the test for channel quality was successful) 
Encode operates on a text file (created with the system editor) to produce a file of encoded 

20 ROM data. m a u 

The Pascal program ENCODE sets up the data files in the correct format for the PULSES 

machine code pulse generator routine. 
An example of the input data file is as folows;- 

Set channel 0 with delays 10 20 30 40 msec channel 1 with an initial delay of 50 msec 
25 (with ref to the stan of channel 0) and then 40 30 20 10 5 msec channel 4 with delay of 100 25 
50.20 20 5 7 8 9 10 1 1 12 13 14 15 
The data file is as follows 



30 



40 



The above described stimulator has been used in relation to Bell's palsy. The stimulation 
pattern consists of stimulation/relaxation cycles (1.45 on/1.45 off) at between 5 and 8Hz 
(stimuli per second), this being the frequency of firing adopted by normal facial muscles. 

One development of the basic concept of trophic stimulation is that of summation stimulation. 
45 Adequate stimulation of mechanocepiors in muscle, with vibration for example, can be made 45 
to summate in effectiveness with electrical stimulation at a level subthreshold for independent 
excitation. The summation of the two forms of stimulation will be potent in generating reflex 
action in the spinal cord. 

■ The resulting reflex effect, the inhibition of soastic hypertonus for example, can be detected 
50 eiectromycgraphicaliy from the surface of the affected muscles, the processed signal from that 50 
detection will interact with the computer controlling the two forms of stimulation, trophic and 
functional, to optimise Doth frequency and amplitude of the summating electrical and mechani- 
cal stimuli. 

Trophic stimulation, as described above conditions the muscle's blood supply, its metabolism 
55 and the mechanical action to which the energetics of metabolism is applied. 55 

As mentioned above, electrotrophic stimulation may be combined with functional stimulation 
to achieve a desired psysiological goal. 

With functional stimulation the object is to make a muscle, no longer under voluntary control, 
cause it to contract artificially at a lime in synchronism with either whatever natural control is 
60 available or with some computed pattern of stimulation applied to other muscles. This is. of 60 
course, in itself well known and studied. 

Trcphic stimulation on the other nand. is new. and when based on computations of the 
natural discharge patterns of motor units in the muscles involved, is termed eutrophtc 

stimulation. . ■ cc 

65 A muscle that has been in disuse for some lime, due to denervation, to total or partial bb 
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paralysis, t immobilisation or injury, atrophiea. A careful an lysis of th condition of the muscle 
shows a eduction in the number of blood capillaries providing oxygen and nutrients for action 
and the opportunity for eliminating from the muscle the m tabotic products of that action and of 
work. There is loss of muscle protein, and an alteration in th connective tissue compon nt of 
the organ. 

The muscl therefor becomes unfitted to work. When to this disability, the extreme 
susceptibility of the muscle fibr s to d generativ influences, which include th act of el ctrical 
stimulation and artificial' muscle action so enforc d, is added, it is apparent that ill-consider d 
functional stimulation can be a self defeating procedure. 

Eutrophic stimulation by comparison, is calculated first to improve the muscle vascularization 
without involving the muscle in self destructive activity. Simultaneously it improves the protein 
mass of the muscie and its effectiveness during muscular activity, it also reduces the 
susceptibility of the muscle to self-induced degeneration. 
The characteristics of stimuli needed in functional stimulation are set not by the natural firing 
1 5 frequency of motor units in the spinal cord, but by the need for an unnatural excitation lacking 
the subtelty of normal central nervous system control, designed to compel the muscle to apply 
force to the joints. 

At present state of development of eutrophic stimulation it is apparent that the stimulation 
trains and patterns must occupy a much longer time than do those of the functional stimulus. 
20 Eutrophic stimulation can therefore be used to equip the muscie. in terms of its vascularisation, 
its dependent metabolism and mechanical action, to act in response to and tolerate indefinitely 
the functional component of stimulation. 

Fig. 1 5 shows an embodiment of the invention for implementing a combined electrotrophic 
and functional stimulation procedure. The stimulator 151 comprises 3-channel electrotrophic 
stimulator 151, which may be in accordance with any of the above-described (or indeed, any 
other) embodiments of the invention, a functional stimulator 1 52 and a set of stimulation 
electrodes 1 53 to which the output of one or other of the stimulators 1 5 1 and 1 52 is applied. 

The currently available stimulators can now be modified to mix both characteristics of stimulus 
and have them converge in effectiveness onto one electrode pair. 

The stimulator has two distinct stimulation modes, in the first, the three channels of the 
electrotrophic stimulator 151 will deliver separately eutrophic patterns of stimulation. These wiii 
be patient operated in that they can start and end the procedure of pattern stimulation. The 
repetition of patterns, with, say, two seconds on and two seconds off will probably have to last 
for at least six hours continuously a day. The three channels deliver to the muscle three evolving 
35 theraoies to be changed during the first three months of use under the supervision of a clinician 
of physiotherapist. The conditioning of the muscie for functional stimulation will in this way be 
optimised. 

The second major mode of stimulation is functional and provided by the stimulator 1 52. The 
determination of timing and stimulus characteristics will depend on patient physique ana 
disability, and upon what muscle function it is desirable to restore. As shown, the functional 
stimulator may be programmed by the output of an EMG device and by user input by the 
ciinican. Suitable hardware and/or software is provided to give the required programmability. 
The r'unctionai stimulator may exert an inhibitory control over the electrotrophic stimulator, or 
the stimulator outputs may be otherwise arranged, so that the functional and trophic stimulators 
are not applied at the same time. 

The programmability of the stimulator will facilitate the tuning of the stimulator in the clinic. It 
will also make easy the re-tuning that will be required as the muscle adapts to use unaer 
stimulation conditions. 

The stimulator may be arranged so that functional stimulation is controlled intrinsically, in a 
50 manner tuned initially by the clinician, and eventually later in the treatment the functional 
stimulation is controlled by detection of EMG potentials or their integrated signal detected in 
muscles still functioning. 
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4. Apparatus according to claim 3 wherein the puise generating means is adapted to 
translate the electrotrophic data into timing characteristics of the pulse sequenc . 

5. Apparatus according to claim 4 wherein th liming characteristics include the mark 
and /or space durations of successive pulses. 

5 6. Apparatus according to any one of claims 3 to 5 wher in the storing means comprises a 
number of addressable storage locations, each for storing respective time period values, the 
pulse generating means including means for successively reading the stor d time period values 
and for generating pulses whose m2rk and/or space periods are defined by the timing period 
information. 

10 7. Apparatus according to any one of claims 1 to 6 wherein the pulse generator includes 
means for producing the pulses in bursts. 

8. Apparatus for applying stimulating pulses to muscle fibre comprising pulse generating 
means and at least one pair of eiecvodes for applying a sequence of pulses generated thereby to 
the muscle fibre, or to overlying tissue, the pulse generator being so adapted as selectively to 

1 5 produce, as said pulse sequence, a pulse sequence conveying electrotrophic information for 
causing desired structural and/or functional adaptation of the muscle fibre or a pulse sequence 
conveying functional stimulation information. 

9. Apparatus according to claim 8 and including electrotrophic pulse generating means and 
functional stimulation pulse generating means and functional stimulation pulse generating 

20 means the arrangement being such that output of electrotrophic pulses is inhibited while 
functional stimulation pulses are output. 

10. Apparatus according to claim 8 or 9 and including means for establishing the functional 
stimulation to be produced by the functional stimulation pulses. 

1 1. Apparatus according to claim 10, wherein the establishing means includes electromygra- 
25 phic means for examining functional stimulation pulses naturally produced by a person's nerve 25 
fibres. 

12. Apparatus according to any one of claims 8 to 1 1 wherein the pulse generating means 
includes means for storing electrotrophic data relating to one or more specific muscles or muscle 
groups and for generating said sequence of pulses in accordance with said data. 
30 1 3. Apparatus according to claim 1 2 wherein the pulse generating means is adapted to 
translate the stored data into at least one characteristic of the pulse signal which conveys 
electrotrophic information. 

14. Apparatus according to claim 13 wherein the pulse generating means is adapted to 
translate the electrotrophic data into timing characteristics of the pulse sequence. 
35 15. Apparatus according to claim 14 wherein the timing characteristics include the mark 3b 
and /or space durations of successive pulses. 

16 Apoaratus according to any one of claims 12 to 15 wherein the storage means 
comprises a number of addressable storage locations, each for storing respective time period 
values the pulse generating means including means for successively reading the stored time 
40 period values and for generating pulses whose mark and/or space periods are defined by the 
timing period information. 

1 7. Apparatus according to any one 8 to 1 6 claims wherein the pulse generator includes 
means for producing the pulses in bursts. 

12 A method of applying stimulating pulses to muscle fibre comprising generating and 
45 applying to the muscle fibres, or to overlying tissue, a stimulus pulse sequence, the pulse 45 
sequence being so selected that the puise sequence conveys electrotrophic information for 
causing a desired structural and/or functional adaptation of muscle fibre of which a muscle is 
comorised and apolying said sequence of pulses to the muscle, or to overlying tissue. 

1Q A method according to claim 1 S and including the step of storing electrotrophic data 
50 relating to one or more specific muscles or muscle groups, reading out such data relating to a 
par;icular muscle or muscie group and generating said.sequence of pulses m accordance with 

the read-out data. . 

20 A method according to claim 1 9 and including the step of translating the stored data 
into at least one characteristic of the pulse signal which conveys electrotrophic information. 
55 21 . A method according to claim 20 wherein the electrotrophic data is Translated into timing 
characteristics of the pulse sequence. 

22. A method according to claim 21 wherein the timing characteristics include the mark 
and /or space durations of successive pulses. 

23 A method according to any one of claims 13 to 22 wherein the storing step comprises 

60 for storing respect.ve time period vaiues for si. ■ ssive pulses to be generated in a number of 60 
addressable storage locations, the time perioc values of defining the mark and/or space periods 
of successive pulses. , 

24 A method of applying stimulating pulses ;o muscle fibre comprising generating ana 
applying to the muscle fibres, or to overlying tissue, two or more stimulus pulse sequences, a 

65 ^rs: one of the pulse sequence beino so selected that the puise sequence conveys electrotroph/c b5 
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inf rmation for causing a desired structure! and/or functional adaptati n of muscle f.bre of 
which a muscle is comprised and applying said sequence of pulses to the muscle, or to 
overlying tissue and a second one of the pulse sequences being so selected as to cause a 
desired functional stimulation of the muscl fibr . 
5 25 A method according to claim 24 wh rein th applications of the first and second 
sequences of pulses are coordinated with a vi w to regenerating the muscle and /or improving 
its mechanical performance. . , , 

26 A method according to claim 25 wherein as a treatment procedure, the first and second 
pulse sequences are applied a multiplicity of times, the relative frequencies of application of th 

10 first and second sequences varying in the course of the procedure. 

27 A method according to any one of claims 24 to 26 and including the step of storing 
electrotrophic and functional stimulation data relating to one or more specific muscles or muscle 
groups, reading out such data relating to a particular muscle or muscie group and generating 
said sequence of pulses in accordance with the read-out data. 

15 28. A method according to claim 27 and including the step of translating the stored data l o 
into at least one characteristic of the pulse signal which conveys electrotrophic information. 

29. A method according to claim 28 wherein the electrotrophic data is translated into timing 
characteristics of the pulse sequence. 

30. A method according to claim 29 wherein the timing characteristics include the mark 
20 and/or space durations of successive pulses. 

31 . A method according to any one of claims 27 to 30 wherein the storing step comprises 
for storing respective time period values for successive pulses to be generated in a number of 
addressable storage locations, the time period values of defining the mark and /or space periods 

of successive pulses. oc 
25 32. Apparatus for applying stimulating pulses to muscle fibre comprising pulse generating * ^b 
means and at least one pair of electrodes for applying a sequence of pulses generated ther by to 
the muscle fibre, or to overlying tissue, the pulse generator being so adapted that the intervals 
between respective stimulating pulses in a sequence of pulses can be individually defined, 

33. Apparatus according to claim 32 wherein the pulse generating means includes m ans 

30 for storing pulse interval data relating to a desired stimulation sequence of one or more specific 30 
muscles or muscle groups and for generating said sequence of pulses in accordance with said 

data. . 

34. Apparatus according to claim 33 wherein the storing means comprises a number ot 
addressable storage locations, each for storing data defining respective time intervals, the puis 

35 generating means including means for successfully reading the stored data values and for 35 
generating pulses separated by intervals defined by the read out data. 

35. Apparatus according to claim 34 wherein the pulse generating means includes means 
for stepping the value stored in a counter for a number of clock cycles corresponding to the 
read-out timing period values and means for producing a pulse transition when the count stored 

40 by the counter reaches a predetermined value. 4 ^ 

36. Apparatus according to any one of claims 32 to 35 wherein the pulse generator 
includes means for producing the pulses in bursts. 

37. A method of generating a sequence of muscle stimulating pulses in accordance with 
pulse interval data held a memory comprising the steps of 

4 5 (A) reading out an item of pulse interval data from said memory; 45 
(8) initializing the contents of a memory location with data representing a count; 
(C) periodically incrementing or decrementing said contents; 

iZ) periodically testing said contents and repeating (C) until said contents have a value 
..itermined in relation to the pulse interval data Such that the number of repeats of (C) is 
50 determined by the pulse interval data: and 

(£) generating a stimulting pulse when said value occurs; 

steps (A) to (E) inclusive being executed for each of a series of items of pulse interval data. 
38 A method according to claim 37 wherein in step \B) the contents of the memory 
location are initialized with the value of the item of puse interval data and wherein the loop from 
55 step (0) to step (E) is excited when said contents have a predetermined value. 

39. A method according to claim 37 or 38 wherein a plurality of channels of stimulating 

pulses are produced. . 

40. A method according to claim 39 where.n steps (A) inclusive are carried out for 
each of a plurality of channels, corresponding steps for eacr nel being earned out m 

60 succession. ( ^. ^ t . . . ^ 

41 A method according to any one of claims 37 d 40 c . including the step of checking 

whether a stimulating pulse should be produced anc ^hibmng the production of a stimulating 

pulse if it should not be. 

42 A method of acquiring fl^a comprising an amplitude-*r.dependent temporal sequence o: 
65 muscular motor unit aeon pott- lis, such method comprising obtaining electromyographic 
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signals from a muscle or muscle group and processing the signals to extract characteristic 
signals relating to one or more individual motor units and further processing th extracted 
Signals* to derive said data. 

43. A method according to daim 42 wherein the further pr cessing step comprises 

5 processing the extracted signals to derive information coded onto the motor unit action "5" 
potentials as to structural or functional adaptation of the muscl fibre or fibres belonging to said 
individual motor unit t which the motor unit action pot ntial is delivered and/or as a command 
for such adaptation to tend to take place. 

44. A method according to claim 42 or 43 wherein the processing step c mprises 

10 processing the extracted signals to distinguish said information from motor information. 10 

45. A method according to any one of claims 42 tc 44. wherein the signals are extracted by 
comparing the input signals in amplitude with a defined detection window which is sufficiently 
narrow that substantially only motor unit action potentials reiaring to an individual motor unit 
will have peaks within said window. 

15 46. A method according to any one of claims 42 to 45 and including the step of varying the 1 5 
level of the window whereby data relating to a number of motor units may be acquired. 

47. A method according to any one of claims 42 to 46 wherein the processing step includes 
establishing the relative timings of a sequence of motor unit action potentials relating to a single 
motor unit. 

20 48. A method according to any one of claims 42 to 47 wherein respective electromyogra- 20 
phic signals are obtained from muscle fibres when adapted to one form of motor activity and 
from the same muscle fibres when adapting to another form of motor activity, the processing 
steps involving processing both the respective signals to derive data '-slating to the differences 
between the two. 

25 49. Apparatus for acquiring data comprising an amplitude-independent temporal sequence 25 
of muscular motor unit action potentials comprising means for obtaining electromygraphic 
signals from a muscle or muscle group and means for extracting, from the obtained signals, 
signals relating to one or more individual motor unit and means for processing the extracted 
signals to derive said data. 

30 50. Apparatus according to claim 49, wherein the extracting means includes means for 30 
comparing the input signals in amplitude with a defined detection window which is sufficiently 
narrow that substantially oniy motor unit action potentials relating to an individual unit will have 
peaks within said window. 

51. Apparatus according to claim 49 or 50 wherein the processing means comprises means 

35 for processing the extracted signals to derive information coded onto the motor unit action 35 
potentials as to structural or functional adaptation of the muscle fibre or fibres belonging to said 
individual motor unit to which the motor unit action potential is delivered and/or as a command 
for such adaptation to tend to take place. 

52. Apparatus according to claim 51 wherein the processing means comprises means for 

40 processing tne extracted signals to distinguish said information from motor information. 40 

53. Apparatus according to any one of claims 49 to 52 wherein the processing means 
includes means for establishing the relative timings of a sequence of motor unit action potentials 
relating to a single motor unit. 

54. Apparatus according to any one of claims 49 to 53 anc including means for varying the 

45 level of the window whereby data relating ;c a number of motor units may be acquired. y 45 

55. Apparatus -or applying stimulating pulses to muscle fibre constructed and arranged to 
operate substantially as hereinbefore described with reference to and as illustrated in the 
accompanying drawings. 

56. A method of applying stimulating oulses to muscle fibre substantially as hereinbefore 

50 described with reference to and as illustrated in the accompanying drawings. 50 

57. A method of generating a sequence of muscle stimulating pulses substantially as 
hereinbefore described with reference to and as illustrated in the accompanying drawings. 

58. Apparatus for acquiring data constructed and arranged to operate substantially as 
hereinbefore described with reference tc and as illustrated in the accompanying drawings. 

55 59. A method of acquiring data substantially as hereinbefore described with reference to and 55 
as illustrated m the accompanying drawings. 
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